Castleman's disease (CD) is a rare atypical lymphoproliierative disorder that is morphologically and clinically heterogeneous and is associated with a risk of developing malignant lymphoma. We report the clonality status of CD tissues in 34 patients, including 14 patients infected by the human immunodefiaiency virus (HIV). Four patients presented a localized form and 30 presented a multicentric form. Two cases were associated with B-cell lymphoma, 3 cases with Hodgkin's disease, and 9 cases (8 HIV+) with Kaposi's sarcoma. Histologically, 8 cases were of the hyaline-vascular type and 26 were of the plasma cell or mixed types. The Ig and T-cell receptor (TCR) V(D)J rearrangements were ana-
ASTLEMAN'S DISEASE (CD), also called angiofollicular lymph node hyperplasia, is a rare atypical lymphoproliferative disorder (ALPD) defined according to clinicopathologic criteria.'" This disease of unknown etiology is morphologically and clinically heterogeneous. Histologic aspects of CD in the involved sites are characterized by small hyalinized and hypervascular germinal centers (hyaline-vascular type) or by plasma cell accumulations (plasma cell type); sometimes these two types coexist (here called mixed The localized forms occur mainly in young people as a solitary mass that is typically mediastinal or mesenteric. These forms, which are asymptomatic or occasionally associated with systemic symptoms, are usually curable s~r g i c a l l y . ~~~ The multicentric forms occur in older patients and show a multicentric tumoral involvement frequently associated with systemic manifestations. These forms usually display an aggressive course with a poor progn0~i.s.~" CDs of the plasma cell type have been associated with the POEMS syndrome (polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy, skin abnormalities).*-'' Clinical and pathologic aspects of CD may be associated with human immunodeficiency virus (HIV) infection, with or without Kaposi's sarcoma.l'-'* Malignant lymphomas (Hodgkin's and non-Hodgkin's) or plasmacytomas have been associated with CD at diagnosis or during the evolution of the di~ease.~,~.','~ CD, therefore, has been considered a prelymphoma state. The pathogenesis of CD remains poorly understood, and its reactive or neoplastic nature has been discussed.
We report the clonality status of the CD lesions in a series of 34 patients with CD, including 14 cases associated with HIV infection. B-or T-cell populations were studied in tumor biopsies using Southern blot and polymerase chain reaction ( E R ) analysis of Ig and T-cell receptor (TCR) y rearrangements. We show that lymphoid B and T cells are polyclonal in the large majority of cases.
C MATERIALS AND METHODS

Patients.
Thirty-four patients with CD who were mainly from two institutions (HBpital F'itit-Salp6tribre and Hapita1 Saint-Louis, Paris, France) were included in the study. Relevant clinical and biologic data are summarized in Table 1 no. 17 (high level Igrc peak), 11, and 22 (low level Igy and IgK, respectively). Moreover, in case no. 11, symptoms of the POEMS syndrome were present, including peripheral neuropathy. Two cases (no. 8 and 9) were associated with a mantle zone lymphoma (B-cell lymphoma) and 3 cases (no. 5, 6, and 7) with Hodgkin's disease (case no. 7 was previously de~cribed'~). In case no. 10, a B-cell immunoblastic lymphoma was secondarily detected. Case no. 12 was associated with a Kaposi's sarcoma. The 14 HIV' patients (all adults) presented a multicentric CD associated in 9 cases with a Kaposi's sarcoma.
Tissues. Tumoral tissues were obtained by surgical biopsy for all patients. For case no. 17, two additional samples were obtained from the lymph node and peripheral blood. A total of 46 samples for 34 patients obtained at various stages of the disease (cases no. 3, 7, 17, and 21) andor from different sites (2 lymph nodes in cases no. 5 and 15; lymph node and spleen in cases no. 11, 27, and 33; lymph nodes and blood lymphocytes in case no. 17) were analyzed. Tissue samples were immediately frozen and stored at -80°C. Samples were also fixed in buffered formalin and processed for histology. In each case, CD was independently diagnosed by two investigators. Histologic characteristics are summarized in Table 1 . Eight cases were found of the hyaline-vascular type (1 HIV+), 15 cases of the plasma cell type (6 HIV+), and 11 cases of the mixed type (7 HIV').
Molecular analysis. PCR amplifications of Ig/TCR V(D)J junctions were performed on DNA from 46 samples using consensus primers. For IgH genes, VH-JH rearrangements were amplified by two sets of PCR reactions, the first based on the strategy of Deane SOULIER ET AL * N H L observed on a biopsy performed two months after. et all5 using a mixture of seven oligonucleotides directed against conserved sequences of the FRI region of each V, family and one consensus JH primer and the second using a consensus FR3 primer and a consensus JH primer.16 For TCRy genes, the procedure included three reactions with three different mixtures of primers (VyIcons-Jy2S2; VyIcons-JyP-JyP,,,;
and Vy9-VylO-Vyl 1-Jy2S2-JyP-JyPI.2).17 PCR products were analyzed by polyacrylamide gel electrophoresis (PAGE), with revelation by ethidium bromide staining. Polyclonal rearrangements give a smear or scaled bars corresponding to the heterogeneously sized PCR products, whereas clonal or oligoclonal rearrangements appeared as reinforced individualized bands. In case no. 17, high resolution PAGE (HR-PAGE) analysis on denaturing gel and single-strand confirmational polymorphism (SSCP) analysis were performed including a "P-kinased JH primer in the PCR mixture."
Southern blots were performed on high molecular weight DNA according to standard methods." Thirty cases were analyzed for IgH gene rearrangements (DNAs of cases no. 12, 26, 29, and 31 were insufficient). DNAs were digested by Bgl I1 and Xba I or by Bgl 
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formed in the cases with individualized Vy-Jy-amplified bands (cases no. 7, 9, 11, 25, 28, and 33; insufficient DNA in cases no. 6 and 8) using EcoRI and BanHI restriction enzymes and a Cg probe.
RESULTS
The results of the B-and T-cell clonality analysis of the 46 samples are summarized in Tables 2 (HIV-cases) and 3 (HIV' cases).
Analysis of the B-cell populations in the CD tissues. Major or minor clonal Ig rearrangements were found in 4 cases (no. 5, 8, 9, and 17). A major VH(D)JH rearrangement was detected in case no. 17, a 64-year-old HIV-woman with a multicentric nodular CD of the mixed type without histologic evidence of lymphoma (Fig I A and B) . Systemic symptoms and osteosclerotic bone lesions were present. A monoclonal IgGK was detected in her serum and by immunohistochemistry in the plasma cells of a lymph node biopsy. Remission was achieved by chemotherapy. Eight years later, a multinodular relapse occurred. A major clonal IgH rearrangement was detected using Southern blot and PCR analysis on lymph node biopsy at diagnosis (cervical lymph node no. 17A) and relapse (bilateral cervical lymph nodes no. 17B and 17C;
For personal use only. on September 24, 2017. by guest www.bloodjournal.org From For From Fig 2A and C) . The VI,-JH-amplified band was also detected as minor clone (< 1% as assessed by HR-PAGE analysis) in the peripheral blood lymphocytes at relapse (no. 17D; Fig  2A) . The SSCP analysis of the PCR products showed that an IgH V(D)J rearrangement of identical junctional size and nucleotide sequence was detected in the different involved sites at the time of diagnosis and after 8 years of remission (Fig 2B) .
In cases no. 8 and 9, which were associated with a mantle zone lymphoma, a major Ig rearrangement was detected by Southern blot analysis (Fig 3B) . The PCR detected a major IgH V(D)J recombined product in case no. 9 but not in case no. 8 (Fig 3A) .
In case no. S, which was associated with a Hodgkin's disease, a minor clonal Ig rearrangement undetectable by Southern blot analysis appeared as a weak PCR band (intensity between 1% and 10%) in one of the two analyzed lymph nodes (Fig 3) .
Heterogeneously sized IgH V(D)J rearrangements without reinforced individualized band, corresponding to B-cell polyclonal populations, were amplified in CD tissues in all the other cases (30/34), including the 14 cases associated with HIV infection (Tables 2 and 3) . No rearranged bands were detected by Southern blot analysis using the JH probe in these cases (data not shown). of the majority of T cells (Tables 2 and 3 ). However, weak bands (corresponding to dilutions 1% to 10%) appeared on the polyacrylamide gel analysis in at least one of the three Vy-Jy PCR products (see the Materials and Methods) in 8 samples from 6 cases (no. 7A, 7B, 7C, 8,9, 1 I B, 25, and 28; Tables 2 and 3 and Fig 4A) . Several weak bands amplified by different Vy-Jy primers were detected in the same biopsy in cases no. 8, 9, 1 IB, and 25 and in the first (no. 7A) and the two subsequent biopsies (no. 7B and 7C) in case no. 7 (Tables 2 and 3 ) . A Southern blot analysis using a CP probe was performed in most of the samples (no. 7A, 7B, 7C. 9, 1 l B, 25, and 28). No clonal rearrangement was detected ( Fig  4B) .
Analwis of the T-cell populations in the CD tissues. In
In case no. 33, a 28-year-old HIV' man with a mixed type multicentric CD but without lymphoma or Kaposi's sarcoma, a Vy-Jy rearrangement was amplified at a level corresponding to at least the 10% dilution using primers VyIcons-JyP-JyP,.2 (Fig S) . PCR experiments using specific Vy primers showed that the rearrangement corresponded to a Vy2-JyP recombination (data not shown). This rearrangement was amplified in the lymph node (no. 33A) and in the spleen (no. 33B), with both samples displaying histological evidence of CD (Fig S) . No rearranged band was detected in both samples using Southern blotting using a CO probe (Fig 4B) . The patient died of acquired immunodeficiency syndrome (AIDS) S months after the diagnosis of CD, without evidence of malignant lymphoma.
DISCUSSION
Lymphoid populations were studied by Southern blotting and PCR analysis of Ig/TCR rearrangements in pathologic tissues from 34 patients with CD.
Major clonal Ig rearrangements corresponding to B-cell clones were detected in 3 cases, including the 2 cases of this series associated with a B-cell lymphoma. A major TCRy rearrangement was found by PCR analysis in I case and a minor one was found in 7 cases. In these cases no clonal TCRP rearrangement was detected using Southern blot analysis. Major clonal Ig rearrangements were found in only 3 cases of this series. Case no. 17 represented a rare type of CD with a cellular proliferation that mostly consists of a persistent and indolent clonal plasma cell population. This finding might be indicative of a monoclonal disease process with a low malignant potential, similarly to benign monoclonal gammopathies. Sclerotic bone lesions that are often associated with the POEMS syndrome'" were observed in this case. In the 2 cases associated with B-cell lymphomas, major clonal Ig rearrangements corresponding probably to lymphoma cells were detected, as expected. In another case analyzed 2 months before the detection of a B-cell immunoblastic lymphoma, no Ig clonal rearrangement was detected, meaning that the neoplastic population was absent or at too low a level to be detected. The significance of the presence of minor clonal B-cell populations in a case associated with Hodgkin's disease remains unknown. Such clones, which were previously described in several cases of Hodgkin's disease (without CD), may represent the Reed-Sternberg cells or associated reactive clones." Finally no Ig clonal rearrangement could be detected in the large majority of cases (30/34) irrespective of the pathologic subtypes (hyaline-vascular and plasma cell or mixed), the clinical forms (localized and multicentric), or the HIV status. This low incidence contrasts with the results of several previous studies performed on a limited number of multicentric cases (Table 4) .13.''-'h It seems unlikely that the frequency of clonal Ig rearrangements is underestimated in our series for technical reasons. PCR analysis and Southern blotting analysis of genomic DNA were performed in parallel. The PCR method is sensitive because it allows for the detection of clonal cell populations as small as 1 % to S%, but it fails to detect certain Ig rearrangements. The Southern blotting analysis is less sensitive than the PCR approach but shows Ig rearrangements in almost all cases of clonal B-cell expansion. The discrepancies between this study and others previously published may be caused by a bias favoring the previous communication of cases associated with a clonal prolifera-
Peripheral neurologic signs were present in at least 4 of the 9 reported cases with monoclonal These cases may thus be included in the large entity of the plasma cell dyscrasias with polyneuropathy, overlapping the POEMS syndrome, in which monoclonal gammopathies are common.5.x."J Finally, previous studies described small series of CD (total number of 12 multicentric cases for 6 studies), compared with our series of 30 multicentric cases ( Table 4) .
The nature of the T-cell populations, corresponding to minor Vy-Jy rearrangements among a polyclonal background or to a major rearrangement ( 1 case), was not addressed in this study. These populations were detected in cases associated with Hodgkin's disease, POEMS syndrome, or HIV infection (Tables 2 and 3 Table l ). (A) IgH (FR3) -amplified PCR products were analyzed by PAGE and ethidium bromide stained. A major IgH V(D)J recombined product was detected in case no. 9. In case no. 5, a weak band (intensity between 1% and 10%) was detected in only one of the two analyzed lymph nodes (5A but not 58). In the other cases (no. 6,7A, 7B. 7C, 8, and 10). scaled bars appeared corresponding t o the heterogeneously sized PCR products. associated pathologic process. Minor TCRP rearrangements assessed by the Southern blot analysis have been previously detected in 2 of 12 multicentric cases (excluding I case in which the EcoRI abnormal fragment corresponds probably to a partial digest and not to a bona fide rearrangement; Table 4 ). T-cell clonal populations detected by Southern blotting analysis of TCRP rearrangements or by PCR analysis of Vy-Jy rearrangements might represent clones arising in the polyclonal reactive cell population of the CD and/ or clones enhanced by associated pathologic process. For example, it has been shown that the spleen of HIV' patients can be infiltrated by anti-HIV-specific cytotoxic T-lymphocyte clones." It is therefore conceivable that these cells may be detected by clonality analysis. Alternatively, certain TCRy rearrangements detected as a faint band by PCR analysis may not correspond to TCR clones but to preferential Vy-Jy recombinations (often Vy9-JyP) that occur in polyclonal y6 T cells.'x
In conclusion, this study shows that in the large majority of cases, the lymphoid cells accumulated in CD of both pathologic types are commonly polyclonal and are therefore For personal use only. on September 24, 2017. by guest www.bloodjournal.org From Table 1 )
The number of cases with clonal rearrangement is indicated. t CB-hybridized band observed with the EcoRl digestion corresponding probably to the so-called protected EcoRl site. *The Southern blot analysis was performed in the cases with individualized Vy-Jy amplified bands (except in 2 cases for which the DNAs were insufficient). For personal use only. on September 24, 2017. by guest www.bloodjournal.org From
